Background and Purpose-The perfusion-diffusion mismatch (PDM) model has been proposed as a tool to select acute stroke patients who are most likely to benefit from reperfusion therapy. The clinical-diffusion mismatch (CDM) model is an alternative method that is technically less challenging because it does not require perfusion-weighted imaging. This study is an evaluation of these 2 models in the DEFUSE dataset. Methods-DEFUSE is an open-label multicenter study in which acute stroke patients were treated with intravenous tPA between 3 and 6 hours after symptoms onset and an MRI was obtained before and 3 to 6 hours after treatment. Presence of PDM and CDM was determined for each patient. Results-Based on conventional predefined mismatch criteria, PDM was present in 54% of the DEFUSE population and CDM in 62%. There was no agreement beyond chance between the 2 mismatch models (kappa 0.07). The presence of PDM was associated with an increased chance of favorable clinical response after reperfusion (OR, 5.4; Pϭ0.039).
T reatment of acute stroke patients with tissue plasminogen activator (tPA) has been demonstrated to be effective in the 0-to 3-hour time-window after symptom onset. 1 With longer time windows, the efficacy of tPA gradually declines. 2 As a result, randomized trials of tPA administered beyond 3 hours have failed to show a significant treatment benefit. However, it has been hypothesized that specific subgroups of patients, characterized by the presence of an ischemic penumbra, may still benefit from reperfusion therapy at later treatment times. 3 The implication of this hypothesis is that future randomized studies of a reperfusion therapy administered beyond 3 hours are more likely to be successful if patient enrollment is limited to patients with a significant amount of salvageable ischemic tissue. To select these patients, it is necessary to estimate the volume of threatened brain tissue that is still potentially salvageable in the acute setting. It has been proposed that patients with a perfusion-diffusion mismatch (PDM) are likely to have an ischemic penumbra. The PDM is obtained by subtracting the lesion volume on diffusionweighted MRI (DWI) from the lesion volume on perfusionweighted MRI (PWI). The results of the Diffusion and Perfusion Imaging Evaluation For Understanding Stroke Evolution (DEFUSE) study support the PDM hypothesis. 4 The DEFUSE study demonstrated that for stroke patients treated with tPA 3 to 6 hours after symptom onset, early reperfusion was associated with a favorable clinical response in patients with a PDM, whereas patients without a mismatch did not appear to benefit from early reperfusion. 4 The clinical-diffusion mismatch (CDM) has been proposed as an easier alternative to the PDM for selecting patients with salvageable ischemic tissue. 5 It is based on the assumption that patients with severe clinical deficits, but with relatively small lesion volumes on DWI, are likely to have an ischemic penumbra. Davalos et al, 5 who first described the CDM model, demonstrated that patients with a CDM experienced greater infarct growth than patients without a clinicaldiffusion mismatch, particularly for the subgroup of patients who had not received thrombolytic therapy. The aim of this study was to compare the CDM model to the PDM model in terms of their ability to select patients who are likely to benefit from a reperfusion therapy administered in the 3-to 6-hour time-window.
Subjects and Methods
Patients were enrolled prospectively in the DEFUSE study. DEFUSE is a multicenter open-label study of intravenous tPA administered during the 3-to 6-hour time window after stroke onset. Detailed methods of DEFUSE have been published elsewhere. 4 Briefly, patients with a clinical syndrome consistent with acute ischemic stroke were eligible for enrollment if they had a National Institutes of Health Stroke Scale Score (NIHSSS) Ͼ5, no evidence of hemorrhage on CT, and were able to undergo an MRI scan with DWI and PWI. All enrolled patients, regardless of MRI findings, were treated with standard dose intravenous tPA in the 3-to 6-hour time window after symptom onset. A repeat MRI scan was obtained 3 to 6 hours after tPA administration.
NIHSSSs were obtained at baseline and at 30 days by investigators with NIHSSS certification. DWI and PWI lesion volumes were determined by an experienced reader (V.T.) at the central reading center. DWI lesion volumes were calculated using a semi-automated thresholding method to identify regions of interests with high DWI signal intensity (exceeding the DWI signal intensity of the contralateral hemisphere by Ͼ3 SD). PWI lesion volumes were determined on Tmax maps that were generated according to the Ostergaard method. 6, 7 Again, semi-automated thresholding was used to identify hypoperfused tissue, defined as a delay of at least 2 seconds on the Tmax map. 8 For this study, the prespecified primary end point of DEFUSE was adopted: favorable clinical response, defined as an improvement in NIHSSS of Ն8 points between baseline and 30 days, or a 30-day NIHSSS of 0 or 1. Reperfusion was defined as a reduction in PWI lesion volume between the baseline and the follow-up MRI of at least 30%. For the primary analysis we used the prespecified DEFUSE definition for PDM and the previously published definition for CDM. 5 PDM was defined according to DEFUSE criteria as a PWI lesion volume that is at least 20% and Ն10 mL larger than the DWI lesion volume. CDM was defined as a DWI lesion volume Ͻ25 mL and an NIHSSS Ն8, according to criteria proposed by Davalos et al 5 Additional mismatch criteria with potentially superior discriminating power than the predefined mismatch criteria were determined based on review of the following scatter plots: (1) baseline DWI lesion volume versus PWI lesion volume in patients with early reperfusion; (2) baseline DWI lesion volume versus NIHSSS in patients with early reperfusion; (3) baseline DWI lesion volume versus PWI lesion volume in patients without early reperfusion; and (4) baseline DWI lesion volume versus NIHSSS in patients without early reperfusion. In each scatter plot, data points for patients with a favorable clinical response and for those without a favorable clinical response were marked differently to visualize the favorable clinical response rate in patients with a mismatch and in those without a mismatch.
For each patient, the presence of a PDM and a CDM were determined. Agreement between the 2 mismatch models was described as the concordance rate and as Cohen's kappa, a chance adjusted measure of agreement. Sensitivity and specificity for detection of a PDM using CDM criteria were calculated. In addition, ORs for favorable response in patients with mismatch and reperfusion compared with patients with mismatch but without reperfusion were determined. ORs were compared using a method described by Altman and Bland. 9 Data were analyzed using SPSS statistical software version 13.0. Pϭ0.05 was deemed significant for all analyses.
Results
Seventy-four patients were enrolled in DEFUSE. Of these, 68 had technically adequate baseline PWI and DWI examinations and were included in this study. Baseline characteristics of these patients are listed in Table 1 . A PDM was present in 54% (37/68; 95% CI, 43% to 66%) of patients, and a CDM was present in 62% (42/68; 95% CI, 50% to 72%). The agreement between the PDM model and the CDM model is displayed in Table 2 . Agreement between the two models was present in 54% of patients (37/68; 95% CI, 43% to 66%). Cohen's kappa is 0.07 (95% CI, Ϫ0.17 to 0.30), indicating no significant agreement beyond chance between the 2 mismatch models. The correlation between baseline PWI lesion volume and baseline NIHSSS was moderate (rϭ0.473; 95% CI, 0.27 to 0.65). This correlation did not improve significantly when cases without a PWI lesion (nϭ10) were excluded (rϭ0.505; 95% CI, 0.29 to 0.68), or if cases with a posterior circulation stroke (nϭ3) were excluded (rϭ0.500; 95% CI, 0.29 to 0.66). The CDM model detected PDM with 65% sensitivity (95% CI, 49% to 78%) and 42% specificity (26% to 59%). The positive predictive value was 57% (95% CI, 42% to 70%). The majority (14 of 18) of the patients who had a CDM but no PDM (false-positive CDM) were patients with small DWI and PWI lesions (Ͻ10 mL). The negative predictive value was 50% (95% CI, 32% to 68%). The group of patients who had a PDM but no CDM (false-negative CDM) consisted primarily (11 of 13) of patients with large DWI lesion volumes (Ͼ25 mL).
Patients without a follow-up PWI or with a technically unsatisfactory follow-up PWI were excluded from the analysis regarding response to reperfusion, because reperfusion status could not be determined in these patients. As a result, 3 of the 37 patients with a PDM at baseline were excluded and 2 of the 42 patients with a CDM at baseline were excluded for the OR analysis. As reported previously, mismatch patients selected based on the predefined PDM model were more likely to achieve a favorable clinical response with reperfusion than without reperfusion (OR, 5.4; 95% CI, 1.1 to 25.8; Pϭ0.039; nϭ34). 4 In contrast, there was no significant association between reperfusion and favorable clinical response in mismatch patients selected based on the CDM model (OR, 2.2; 95% CI, 0.6 to 7.8; Pϭ0.34; nϭ40). These ORs did not change significantly after adjusting for baseline predictors of favorable clinical response (Table 3 ). The distribution of DWI lesion volumes and NIHSSS as well as DWI lesion volumes and PWI lesion volumes are plotted for patients with early reperfusion and patients without early reperfusion (Figure) . Based on these scatter plots, the following additional mismatch criteria with potentially superior discriminating power were identified: (1) CDM defined as NIHSSS Ն8 and DWI lesion volume Ͻ15 mL; and (2) PDM defined as a PWI lesion volume that is at least 10 mL larger than the DWI lesion volume and DWI lesion volume Ͻ15 mL. The retrospective models define a smaller percentage of the overall patient population as having a "mismatch" compared with the prespecified models (30% versus 54% for PDM; 49% versus 63% for CDM). The point estimates for the ORs for favorable clinical response associated with early reperfusion were numerically greater for the retrospective models (PDM: OR, 70; 95% CI, 3.7 to 1318, Pϭ0.001; CDM: OR, 5.1, 95% CI, 1.0 to 25.6; Pϭ0.066) than for the prespecified models. There are no statistically significant differences between the ORs for the a priori and the retrospectively determined mismatch models (PϾ0.1).
Discussion
These data demonstrate that there is no significant agreement beyond chance between the prespecified PDM and CDM models in the DEFUSE data set. The predefined PDM model successfully selected patients who had a favorable clinical response associated with early reperfusion in the 3-to 6-hour time-window, whereas reperfusion was not associated with a significant increase in the rate of favorable clinical response in patients with a CDM.
The PDM model has been proposed by several investigators as a method to select patients who are likely to benefit from reperfusion therapies. 3,10 -13 Two recent randomized controlled studies suggest that treatment with the thrombolytic agent desmoteplase in the 3-to 9-hour time window is associated with improved clinical outcome in patients selected based on the presence of a PDM. 14, 15 The DEFUSE study also demonstrated that patients with a PDM are likely to benefit from reperfusion in the 3-to 6-hour time window. 4 The CDM model was first proposed by Davalos et al 5 as a potentially easier method to select patients who are likely to benefit from reperfusion. Their study showed that patients with CDM, particularly those who had not received tPA, have a higher probability of infarct growth than patients without CDM. This suggests that the CDM model may identify patients with tissue at risk for infarction who, therefore, could benefit from reperfusion.
There are several important differences between the study by Davalos et al and the current study. First, because no data were available on reperfusion status, the interaction between CDM, reperfusion, and infarct growth could not be assessed in the study by Davalos et al. Second, Davalos et al included stroke patients up to 12 hours, whereas the DEFUSE study had a shorter imaging time frame (3 to 6 hours), which may be more relevant for clinical decision making. Third, Davalos et al studied a heterogeneous population including patients who were not treated acutely and patients who were treated with thrombolytics or neuroprotective agents. In contrast, all patients in DEFUSE were treated with intravenous tPA between 3 and 6 hours after symptom onset. Fourth, MRIs were obtained before treatment in DEFUSE and before, during, or after acute treatment in the study by Davalos et al Finally, Davalos et al investigated different end points (change in NIHSSS, change in lesion volume) than the DEFUSE study (favorable clinical response to reperfusion).
Our study is unique in that there has been no previous studies that have directly compared the PDM model to the CDM model in regard to their ability to select patients who are likely to have a favorable clinical response associated with early reperfusion in the 3-to 6-hour time window. One previous report by Prosser et al compared the PDM model to the CDM model, but differed from our study in several aspects: data were accrued retrospectively, the study was limited to patients not treated with thrombolytics, whereas *Patients with PDM had larger baseline DWI and PWI lesion volumes than patients with CDM (PϽ0.01) and more frequently had a lesion on MRA (Pϭ0.03). There were no statistically significant differences in any of the other characteristics.
ER indicates emergency room; IQR, interquartile range. our prospective study involved only patients treated with thrombolytics, the follow-up scan was obtained 3 to 5 days after symptom onset compared with 3 to 6 hours after tPA treatment in our study. 16 As a result, the study by Prosser et al could not determine the association between early reperfusion and favorable clinical response, which was the primary analysis of our study. In the study by Prosser et al the agreement between the 2 mismatch models was slightly better (kappaϭ0.32) than in our study (kappaϭ0.07), the sensitivity of the CDM model to detect a PDM was slightly worse (53% versus 65%), and the specificity was better (93% versus 50%). The lack of agreement between the CDM and the PDM models in this study is a direct result of the moderate degree of correlation between PWI lesion volume and NIHSSS in our study. The correlation coefficient between the 2 measures was 0.47 (r 2 ϭ22%), indicating that only 22% of the variability in the NIHSSS can be explained by the PWI lesion volume. In contrast, if the correlation between PWI lesion volume and NIHSSS had been high, agreement between the 2 mismatch models would have been excellent as well. The relative lack of correlation between PWI and NIHSSS may be attributable to several factors, including the possibility that brain tissue that has recently been reperfused is not yet functional and the insensitivity of the NIHSSS to hypoperfusion in certain areas of the brain. Several other studies have reported correlation coefficients between PWI and NIHSSS in approximately the same range (r 2 between 25% and 35%). 16 -18 In contrast, 2 studies have reported strong correlations (r 2 of 70% and 92%). 19, 20 Differences in patient selection, statistical approach, and PWI lesion volume assessment are among the likely variables responsible for this discrepancy.
Exploratory analyses of our dataset revealed that alternative mismatch definitions may be better than the prespecified definitions for identifying patients who are likely to benefit from reperfusion. Specifically, when CDM was defined as a DWI lesion volume Ͻ15 mL and an NIHSSS Ն8 it selected a subgroup of patients for whom there was a stronger association that approached statistical significance between early reperfusion and favorable clinical response. The alternative PDM criteria appeared to be superior to both the predefined PDM model as well as any of the CDM models, as evidenced by a numerically higher point estimate of the OR for favorable outcome associated with reperfusion. These results should, however, be interpreted with caution. First, because our patient groups are relatively small, CIs surrounding the ORs are large and there is no statistical difference between the various ORs. Second, the retrospective approach, used to determine the optimized mismatch criteria, requires that the validity of these new mismatch definitions is verified in separate independent datasets. Third, these models limit the number of patients defined as having a "mismatch" to a smaller percentage of the overall patient population (30% to 49% of population) compared with our predefined definitions (54% to 63% of population). Therefore, some patients who appear to benefit from reperfusion may be excluded using these more restrictive definitions.
To design a successful trial of a reperfusion therapy for acute stroke patients outside of the 3-hour time window, it would be preferable to enrich the study population with patients who have salvageable brain tissue. However, the optimal method to select these patients is not known. This study suggests that the PDM model is better-suited to select these patients than the CDM model. A prospective placebo-controlled study in which patient selection is randomized between the CDM model and the PDM model would be required to confirm this.
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